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(54) Power supply for an appliance having an operating mode and a stand-by mode 

(57) A power supply for an electric appliance having 
an operating mode and a standby mode includes a 
transformer block (9) for producing a constant power 
output into two low voltage outputs (Vc and Vcc), an 
operating power supply circuit (2) coupled to one of the 
two low voltage outputs (Vcc) to power the appliance 
during the operating mode, and a receiver circuit (3) 
coupled to the other low voltage output via an imped- 
ance path (14, 15). The receiver circuit (3) includes a 
switch (17) for switching a very low impedance into a 
path parallel with the first impedance when it receives a 
signal indicating that the appliance is to enter the 
standby mode, so that the voltage at the other low volt- 
age output (Vcc) is reduced, thereby increasing the cur- 
rent drawn by the receiver circuit (3) and thus reducing 
the power available to the operating power supply circuit 
(2). 




FIG.t 
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^ Descrlpti n 

Held Of The Invention 

s This invention relates to a power supply, and especially to a power supply for an electric appliance having a mode 
of operation using a reduced amount of power. 

Background Of The Invention 

w As is known, many electric appliances, especially consumer appliances, such as televisions and video recorders, 
which are plugged into the domestic mains network have a mode of operation, known as the "stand-by" mode, in which 
a reduced amount of power is drawn from the AC mains. During the stand-by mode, also called a "sleep mode", the 
electric appliance must consume as little energy as possible. This feature is becoming more and more important as new 
standards are set which require high energy saving. 

is At present, when, for example, a TV set is turned on by the remote control handset, in stand-by mode it consumes 
a power of nearly 5 Watts. Future standards may require power consumption of less than 2 Watts. This entails building 
a system having the ability to work in two completely different modes: the Normal Mode corresponding to a power level 
between 20 and 300 Watts, and the Stand-by Mode. To control these two modes, it is known to provide a specific "wake- 
up" block installed in the chassis of the system. The wake-up block remains active during the Stand-by Mode in order 

20 to be able to decide to switch back to the Normal Mode. This wake-up block must be, therefore, permanently supplied 
with power, even during the Stand-by Mode. 

One known way of building the wake-up block involves disconnecting the different loads on the main chassis power 
supply. The power supply keeps working and provides the necessary power to the wake-up block. A second known way 
consists in conpletely disabling the main power supply during the stand-by mode and in supplying the wake-up block 

25 by a stand alone separate power supply. 

As is known, for safety reasons, in most consumer electric appliances, the apparatus chassis must be isolated from 
the mains network. Thus, generally the wake-up block is provided in the isolated chassis. Therefore, in the first known 
solution described above it is easy to disable the various loads since the wake-up block is located on the chassis side. 
The weakness of this solution is that the losses in the main power supply itself are quite high and may not meet future 

30 standards. With the second solution, the problem is that a data communication path must be provided between the 
chassis side and the mains network side since the wake-up block is on the chassis side and the control circuit off the 
main power supply is on the mains side, or live side". Thus, the adivation/deactivation data coming from the wake-up 
block must be transferred from the chassis side to the mains side. 

35 Brief Summary Of The Invention 

The present invention therefore seeks to provide a power supply which overcomes, or at least reduces the above- 
mentioned problems of the prior art 

Accordingly, the invention provides a power supply for an electric appliance having an operating mode and a 
40 standby mode for connection to a mains power network, the power supply comprising a transformer block for connec- 
tion to the mains power network for producing a constant power output into two separate relatively low voltage outputs, 
an operating power supply circuit coupled to a first one of the two relatively low voltage outputs of the transformer block 
for producing an operating voltage to power the appliance during the operating mode, a receiver circuit coupled to the 
other one of the two relatively low voltage outputs of the transformer block via a first impedance, the receiver circuit 
45 operating when the appliance is in both the operating mode and the standby mode for detecting a wireless signal indi- 
cating that the appliance should switch between the operating mode and the standby mode, the receiver circuit includ- 
ing a switch for switching a second impedance into a path parallel with the first impedance when it detects a signal 
indicating that the appliance is to enter the standby mode, the second impedance having a lower value than the first 
irrpedance so as to lower the voltage taken from the other one of the two relatively low voltage outputs, thereby increas- 
so ing the current drawn by the receiver circuit and thus reducing the power available to the operating power supply circuit. 
In a preferred embodiment the operating power supply circuit includes a control switch which disables the rest of 
the operating power supply circuit if the voltage provided from the first one of the two relatively low voltage outputs falls 
below a predetermined level. Preferably, the control switch comprises a voltage receiver for detecting the level of the 
voltage supplied at the first one of the two relatively low voltage outputs and for enabling at least parts of the operating 
55 power supply circuit according to the detected level. 

Preferably, the second impedance is substantially lower than the first impedance. In some cases, the second 
impedance could even be a short circuit 

In one embodiment, the receiver circuit and the first and second impedances are gatvanically isolated from the 
transformer block. 
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The transformer block preferably includes a transformer having a primary side for coupling to the mains power net- 
work and a secondary side for providing the two relatively low voltage outputs, and a current controller for controlling 
the current flowing through the primary side of the transformer. The current controller includes a current detector for 
detecting the current flowing through the primary side of the transformer, means for generating a voltage representative 
of the detected current, a comparator for comparing the voltage with a reference voltage and means for controlling the 
current flowing in the primary side of the transformer in dependence on the output of the comparator. 

In a further preferred embodiment, the power supply comprises a current controlling circuit including a voltage 
detecting circuit for detecting the level of the voltage supplied at the first one of the two relatively low voltage outputs 
and a control circuit for reducing the current flowing through the primary side of the transformer when the detected volt- 
age is below a predetermined level. 

Brief Description Of The Drawings 

One preferred embodiment of the invention will now be more fully described, by way of example, with reference to 
the drawings, of which: 

FIG. 1 is a schematic diagram of a power supply according to the invention; and 

FIG. 2 is a graphical representation of the power supplied in Normal Mode and Stand-by Mode. 

Detailed Description 

Thus, as shown in FIG. 1 , a complete power supply for an electric appliance having a Stand-by Mode control sys- 
tem includes a constant power supply block 1 , a main power supply block 2 having a controller 27, and a wake-up block 
3 having a wake-up controller block 28 with an infra-red receiver 35 for receiving instructions from an infra-red remote 
control transmitter 30. 

The constant power supply block 1 is connected to a mains network by a plug 26 and provides two supply voltages 
Vcc and Vc of approximately 1 2V and nodes 22 and 23, respectively, for supplying blocks 2 and 3. The voltages Vc and 
Vcc are approximately equal and their respective values are chosen according to the requirements of blocks 2 and 3. 

The constant power supply block 1 uses a so-called flyback structure for the conversion of the energy. The flyback 
structure corrprises a transformer block 9 having a primary winding 5 magnetically coupled to, and galvanically isolated 
from first and second secondary windings 6 and 7. Galvanic isolation means that when a dc voltage is applied between 
any point of the primary winding 5 and any point of the secondary windings, no current flows. This should be the case 
even up to a level of the dc voltage of about 4,000V. The input power Vin for the primary winding 5 is taken from the 
mains network via plug 26 and a diode bridge 24 and bulk capacitor 25. 

Operation of the primary winding 5 is controlled by control block 32. This includes a power switch 8, such as power 
MOSFET MTP2N60E manufactured by Motorola Inc., coupled to the primary winding 5. A sensing resistor 18 is cou- 
pled between the power switch 8 and ground reference potential 33, which is not isolated from the mains, and is used 
to measure the current flowing in the primary winding 5. This current measurement allows the flyback structure to oper- 
ate in the so-called Current Mode of operation in which the parameter controlling the regulation of the converter is the 
actual current flowing in the primary winding 5. The voltage developed across the sensing resistor 18 is proportional to 
the current flowing in the primary winding 5 and is used by the control block 32 to control the conduction state of the 
power switch 8 between an "ON" state in which the power switch has very little resistance and an "OFF state in which 
the power switch has a very high resistance. When the power switch 8 is in the ON state a current flows in the primary 
winding 5 from the input power source Vin to the ground reference potential 33 via the power switch 8 and the sensing 
resistor 18. The above described technique using a power switch which can be set in consecutive ON / OFF states is 
called a "Chopper technique or a "Switchmode" technique. 

The two secondary windings 6 and 7 are anti-coupled with the primary winding 5. This means that when a current 
is flowing in the primary winding 5 no current can flow in the secondary windings 6 and 7. This anti-coupling of the sec- 
ondary windings associated with diodes 10 and 11, coupled to respective secondary windings 6 and 7, allow the cur- 
rents in secondary windings 6 and 7 to flow when the power switch 8 is in the "OFF state. The currents flowing in the 
secondary windings 6 and 7 supply respective capacitors 12 and 13. The voltage developed on capacitor 12 provides 
voltage Vcc at node 22 and the voltage developed on capacitor 13 provides voltage Vc at node 23. Voltage Vc is given 
with reference to the "isolated chassis ground" represented by numeral 34. 

A comparator 19 receives the voltage developed across sensing resistor 18 and compares it with a reference volt- 
age from a voltage source 20, which reference voltage can have one of two different constant values: a.f irst constant 
value of the reference voltage which corresponds to the Normal Mode value, and a second, low r constant value which 
corresponds to the Stand-by Mode value. These values controls the amount of energy which will be reached whenever 
the power switch 8 is switched to its OFF state. The output of the comparator 19 passes to a fixed frequency control 
circuit 29 which switches the power switch 8 between its ON and OFF states according to the output of the comparator. 
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The inductance value of the primary winding part 5 . the switching frequency of the control circuit 29 and the level of the 
incut voltage Vln are the parameters which def ine the rate of change of the current in the primary winding 5. h the pre- 
ferred embodiment of the invention, the current flowing in the primary winding 5 will have already reached zero before 
fre power switch 8 is activated to the ON state. This technique is generally called the Discontinuous Current Mode of 
oJeraSon. As the frequency of the control circuit 29 is fixed, the power delivered by the flyback converter structure .s 

COnS metotal load of the flyback converter is dependent on the two different loads connected respectively to i^es22 
and 23. The values of these two different loads are dependent on the mode of operation, i.e. Normal Mode or Stand-by 
Mode. Thus, the flyback converter load depends on two different power demand levels. 
The power demand level in Normal Mode (PDn) is provided by the sum of two terms: 

PD N = Vcc N . lcc N + Vc N .lc N 

where Vcc* is approximately 12V. Ice* is the current consumption of the controller 27 of the main powersupply block 
2during wimalMode. Vc* is approximately 12V and k* is the current consumption of the wake-up block 3 dunng the 

Normal Mode of operation. . .. 

The power demand level in Stand-by Mode (PDg) is given in a similar manner by the sum of two terms, as follows. 

PD s = Vcc s .lcc s + Voc s . Ic s 

where Vcc, is the voltage supply level of the main power supply block 2 during the Stand-by Mode, tec^ isi the current 
consumption of the main power supply block 2 during Stand-by Mode. Vcs M 

block Sduring Stand-by Mode and lc s is the current consumption of the wake-up block 3 during the Stand-by Mode of 

^ThTwake-up block 3 includes a switch 1 7 which receives control signals from the wake-up controller 28 indteating 
instructions received by the receiver 35 from the remote control transmitter 30. A pair of Zener diodes 15 and 16 are 
cC^eUee^fe^ated chassis ground" 34 and node 23 via a resistor 14. While 

swrteh 1 7 is open. The voltage Vc is determined by the two Zener diodes, whose values are typically 5V plus tovotage 
developed across the resistor 14. The value of this resistor 14 is chosen so as to establish a reasonable impedance 
equilibrium between the two loads seen by the nodes 22 and 23 during the Norrml Mode of^eratoa 

As an example, in the described embodiment, the voltages and currents typically reached dunng the Normal Mode 

The^rntrtdelivered at node 22 is typically 29mA. The value of voltage Vcc is approximately 12 Volt. The current con- 
sumption of the wake-up block 3 is typically 22 mA. The value of voltage Vc is approximately 12 Volt. Thus, the total 
power delivered to the load by the flyback converter is then: 

(12 V x 29 mA) + (12 V x 22 mA) » 348 mW+ 264 mW = 61 2mW . 

During the Normal Mode of operation, when the receiver 35 in the wake-up controller 28 of wake-upNock 3 
receives a Stand-by instruction sent by the remote control transmitter 30, the wake-up controller 28 sends a control ag- 

^e°witohl7 tlius establishes a low impedance path between the node 23 and the cathode of Zener diode 16. The 
voltage supplying the wake-up controller 28 remains at typically 5 Volt due to the Zener diode 1 6 but the curenUlcwng 
rut o? nSe23 becomes higher, typically reaching about 85 mA. In fact the Zener diode 16 acts as a so-called ^shurt 
regulator which means that an extra current is flowing into that Zener diode 16. The new power consumption at node 

23 is then increased to about 510 mW (85 mA x 6 V). 

As stated above, since the flyback converter delivers constant power dunng Normal Mode operation, correspond- 
ing to the first constant value of reference voltage from the voltage source 20. as a direct consequence the available 
power at node 22 is therefore reduced. The voltage Vcc drops down to approximately 6V. 

The controller 27 of the main power supply block 2 is provided with two different working modes i.e. an Active Mode 
and a Disable Mode. One example of a suitable controller is the device manufactured by Motorola Inc. and sold under 
Part No. MC44603. However, many other controllers could be used to perform the main Switched Mode Power Supply 

^^uswten the voltage Vcc drops from 12 V down to approximately 6V, two different actions take place. Firstly, a 
comparator 21 in the control block 32 compares the voltage Vcc with a reference voltage, which is set approximately 
6V from a voltage source 31. When the comparator 21 detects that the voltage Vcc has fallen to approximate* the 
same value as the reference voltage presented by the voltag source 31 . the output of the comparator 21 is used to set 
the voltage source 20 to the second, lower constant value corresponding to a lower current level and hence to a lower 
power level delivered by the flyback converter. This lower current level corresponds to the power requested to supply 
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the wake-up contr Her 28. which is about 250 mW plus a small current in the Zener diode 16. 

Secondly, the controller part 27 of the main power supply block 2 switches automatically into the Disable Mode and. 
as a consequence, its current consumption drops from about 29 mA down to about 300 micro Amps which corresponds 
to a power consumption of less than 3 mW. Thus, in the Stand-by Mode, the total power level delivered by the fly-back 
converter is approximately 270 mW. However, the total power drawn from the mains network during the Stand-by Mode 
is slightly higher than 270 mW because the control block 32 requires some power to make the flyback converter oper- 

ate. 

This is clearly shown in FIG. 2, where the top graph 36 shows the levels of the voltages Vc and Vcc varying in time 
according to whether the switch 17 is open or closed, as shown schematically in the central graph 37, where the open 
state of the switch 1 7 is indicated by reference numeral 38 and the closed state of the switch 1 7 is indicated by reference 
numeral 39. The lowest graph 40, of FIG. 2 shows the mains power consumption, which is at a normal, full power level 
41 when the switch 17 is in the open state 38 with voltages Vc and Vcc at about 12 V. and at a stand-by power level 42 
of about 1 V\fatt when the switch 17 is in the closed state 39 and voltages Vc and Vcc are at about 6 V. 

It will be appreciated that the comparators 19 and 21 , voltage source 20 and control circuit 29 can be built in many 
different technologies. Since the voltage Vcc at node 22 is by definition not "mains isolated", the control clock 32 can 
itself be supplied by the voltage Vcc. This technique is known as "self supply" or "self powering" and gives the advan- 
tage of saving energy. In fact, without self supply the energy needed to supply control block 32 would need to be sup- 
plied from the input voltage Vin. Since this is a high voltage source of typically 300 Volt, using the European mains 
network, the total power needed to supply control block 32 would be 300 Volt multiplied by the supply current for control 
block 32. 

When the wake-up controller 28 receives an instruction from the remote control transmitter 30 to switch to Normal 
Mode, the switch 1 7 is opened and the current flowing out of the node 23 returns to the previous lower value of about 
22 mA. The power delivered at node 23 drops from about 580 mW down to about 250 mW. Since the flyback converter 
delivers a constant power of about 270 mW, an amount of approximately 20 mW are now available at node 22. Since 
the required power at node 22 is about 3 mW, the 17 mW of additional power creates an increase in the voltage Vcc. 

The current consumption of the controller 27 is nearly independent of the voltage Vcc and therefore the capacitor 
12 connected in parallel with the controller 27 receives an additional current. The voltage Vcc thus rises. The hysteresis 
of the comparator 21 has a rising detection voltage level of about 12 V When the voltage Vcc reaches 12 V, the voltage 
sourc 20 is switched back to the first constant value and consequently the power delivered by the flyback converter is 
increased up to 570 mW. 

As best shown in the first graph 36 of FIG. 2, voltage Vcc rises more rapidly reaching a peak at Vpeak which 
reach s 1 5V When Vcc reaches 1 5V the controller 27 is "woken up" and causes the main power supply block 2 to start 
operating. The current consumption of the controller 27 then again reaches 29 mA making the voltage Vcc reduce down 
to about 12 V and the previous Normal Mode equilibrium occurs. This steady state is maintained until a new Stand-by 
order is received by the infra-red receiver 35 from the infra-red remote control transmitter 30. 

It will be appreciated that although only one particular embodiment of the invention has been described in detail, 
various modifications and improvements can be made by a person skilled in the art without departing from the scope 
of the present invention. 

For exanple, the flyback structure described above in the preferred embodiment can be replaced by any other 
Known suitable structure, such as the "cascaded flyback structure " described by the company Unitrode in its application 
note U-149 or the quasi-resonant structure which is similar to the classical flyback structure. This structure generally 
differs by the fact that the energy transfer from the primary side to the secondary side uses a resonance technique. This 
means that the currents and voltages in the structure are governed by the electrical resonance of an inductor and 
capacitor arrangement This is similar to the deflection circuit used in some CRTs (cathode ray tubes). 

It will further be appreciated that the arrangement of diodes 15 and 16 and resistor 14, whose function is to modify 
the impedance state presented to node 23, can be replaced by any other suitable structure such as an adjustable shunt 
regulator made in either bipolar or CMOS technology. Such shunt regulators can be similar to the one used in device 
nun*er TL431 manufactured by Motorola. If this kind of arrangement is used to modify the level of the voltage Vc at 
node 23 between the Normal Mode and the Stand-by Mode then the function of switch 17 could be associated with the 
shunt regulator. 

The activation/deactivation sequence of the main power supply could also be implemented in different ways. For 
example, the Vc voltage level variation could be used not for supplying voltage Vcc to the controller 27, but for activating 
a dedicated enabling/disabling block. This kind of enabling/disabling function is provided in currently existing devices, 
such as TDA4605 from Siemens using pin number 7 connected to ground or as MC44603 from Motorola using pin 

number 1 1 connected to ground. 

The principle of delivering a constant power from the flyback converter using the peak current controller compnsing 
comparator 19 and voltage source 20 together with sensing resistor 1 8 could also be changed. The power delivered by 
such flyback controllers using the switchmode technique is the arithmetical product of the energy handled during every 
switching cycle by the switching frequency. Other techniques using a fixed or variable frequency associated with 
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• another means f controlling the energy could alternatively be used. 

' Thus, in the preferred embodiment, the invention provides a stand-alone low power level power supply for supplying 

a wake-up block located on the chassis side together with a block or device controlling the main power supply located 
on the mains network side and also provides a data communication link from the chassis side back to the mains net- 

s work side for disabling/enabling of the main power supply by providing a complete power supply electrically located on 
the mains side of the set firstly for supplying the wake-up block with a complete mains/chassis isolation and secondly 
for directly supplying the control circuit of the main power supply without isolation from the mains. 

The power supply is built in such a way that it delivers a constant output power level. The output power is available 
on two different outputs Vc and Vcc. These two outputs are tightly coupled together in order to get a good power sharing 

w between both. This means that a power variation on one of them directly affects the available amount on the other one. 
This phenomenon is used to transfer information from one output to the other and particularly in the described applica- 
tion from Vc to Vcc. 

The information to be transferred is the "stand-by order" delivered by the wake-up block. The action of that order on 
the chassis side is to absorb or dissipate an amount of power on the Vc output in addition to the requested power of the 

is wake-up block. This additional amount of power reduces the available power on the Vcc output side. The share of the 
current drawn from Vc and Vcc is defined in order that during the stand-by mode the voltage on Vc is sufficient to nom- 
inally supply the wake-up block and not sufficient to supply the controller circuit of the main power supply. As a direct 
consequence the main power supply switches OFF while the wake-up block remaining normally supplied is fully active. 
As soon as the wake-up block receives the "normal mode order" it stops absorbing the additional amount of power and, 

20 due to the accurate coupling between Vc and Vcc, the Vcc output receives more power so that the Vcc voltage starts 
to increase and can reactivate the main power supply. 

Claims 

25 1 . A power supply for an electric appliance having an operating mode and a standby mode for connection to a mains 
power network, the power supply comprising a transformer block for connection to the mains power network for pro- 
ducing a constant power output into two separate relatively low voltage outputs, an operating power supply circuit 
coupled to a first one of the two relatively low voltage outputs of the transformer block for producing an operating 
voltage to power the appliance during the operating mode, a receiver circuit coupled to the other one of the two rel- 

30 atively low voltage outputs of the transformer block via a first impedance, the receiver circuit operating when the 
appliance is in both the operating mode and the standby mode for detecting a wireless signal indicating that the 
appliance should switch between the operating mode and the standby mode, the receiver circuit including a switch 
for switching a second impedance into a path parallel with the first impedance when it detects a signal indicating 
that the appliance is to enter the standby mode, the second impedance having a lower value than the first imped- 

35 ance so as to lower the voltage at the other one of the two relatively low voltage outputs, thereby increasing the 
current drawn by the receiver circuit and thus reducing the power available to the operating power supply circuit 

2. A power supply according to claim 1 , wherein the operating power supply circuit includes a control switch which dis- 
ables the rest of the operating power supply circuit if the voltage provided from the first one of the two relatively low 

40 voltage outputs fells below a predetermined level. 

3. A power supply according to claim 2, wherein the control switch comprises a voltage receiver for detecting the level 
of the voltage supplied at the first one of the two relatively low voltage outputs and for enabling or disabling at least 
parts of the operating power supply circuit according to the detected level. 

45 

4. A power supply according to any preceding claim, wherein the second impedance is substantially lower than the 
first impedance. 

5. A power supply according to claim 4, wherein the second impedance comprises a short circuit 

50 

6. A power supply according to any preceding claim, wherein the receiver circuit and the first and second impedances 
are galvanically isolated from the transformer block. 

7. A power supply according to claim 6, wherein the transformer block includes a transformer having a primary side 
55 for coupling to the mains power network and a secondary side for providing the two relatively low voltage outputs, 

and a current controller for controlling the current flowing through the primary side of the transformer. 

8. A power supply according to claim 7, wherein the current controller includes a current detector for detecting the cur- 
rent flowing through the primary side of the transformer, means for generating a voltage representative of the 
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detected current, a comparator for comparing the voltage with a reference voltage and means for controlling the 
current flowing in the primary side of the transformer in dependence on the output of the comparator. 

A power supply according to any preceding claim, further comprising a current controlling circuit including a voltage 
detecting circuit for detecting the level of the voltage supplied at the first one of the two relatively low voltage outputs 
and a control circuit for reducing the current flowing through the primary side of the transformer when the detected 
voltage is below a predetermined level. 
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